ABSTRACT Non-invasive measurements of the right ventricular ejection fraction by radionuclide ventriculography were made in 115 patients with chronic obstructive lung disease. Survival was assessed over a mean period of 918 days. The right ventricular ejection fraction was reasonably normal in most patients (mean 042, range 0 10-066) but was lower in those with peripheral oedema, indicating cor pulmonale (mean 0 31 (SD 0 07
Introduction
The long term complications of chronic obstructive pulmonary disease are ventilatory failure and cor pulmonale due to pulmonary hypertension. Measurements of airflow limitation, such as forced expiratory volume in one second (FEV,) , are predictive of survival in such patients. ' The development of pulmonary hypertension or the presence of clinical evidence of cor pulmonale also indicates a poor prognosis.67 Measurement of pulmonary arterial pressure, however, is an invasive procedure and is performed much less often than spirometry.
We have shown that right ventricular performance, as assessed by radionuclide measurement of the right ventricular ejection fraction, is relatively well preserved in patients with chronic obstructive lung disease by comparison with normal subjects, except in those with the clinical syndrome of cor pulmonale.8 In patients with chronic obstructive lung disease there is also a weak relationship between arterial oxygen tension and right ventricular ejection fraction. 8 In a preliminary study we found a relation between right ventricular ejection fraction and total pulmonary vascular resistance but not pulmonary artery pressure,9 in contrast with the findings of other studies. '' " Right ventricular ejection fraction is a non-invasive measure of global right ventricular performance, as it depends on right ventricular preload, afterload, and contractility.'2 Its value as a predictor of survival in patients with chronic obstructive lung disease has not been evaluated previously. We have examined the survival ofa group ofpatients with chronic obstructive lung disease and compared right ventricular ejection fraction with other measures of disease severity as predictors of survival.
Methods
We studied patients with a diagnosis of chronic obstructive lung disease attending clinics in the department ofrespiratory medicine. The diagnosis ofchronic obstructive lung disease was based on the presence ofa history of chronic sputum production for three months a year for two consecutive years, a history of cigarette smoking, and the presence of largely irreversible airflow limitation (FEV,/forced vital capacity (FVC) < 70%, and < 15% change in FEV, or FVC in response to two puffs ofa P2 agonist from a pressurised inhaler). Patients were selected to include a wide spectrum of disability.
FEV, and FVC were measured with a bellows spirometer (Vitalograph, Buckingham, England), the best of three measurements being used. Arterial oxygen tension (Pao2) and arterial carbon dioxide tension (Paco2) were measured, with the patient at rest and breathing room air, by an ABL330 blood gas 622 analyser (Radiometer, Copenhagen, Denmark). Patients receiving controlled oxygen therapy had the treatment interrupted for at least half an hour before the arterial blood gas sample was withdrawn. Spirometric indices and blood gas tensions were measured within 30 minutes ofthe measurement ofthe right ventricular ejection fraction.
The right ventricular ejection fraction was measured by multiple gated equilibrium radionuclide ventriculography as described previously. ' (0.09) with this technique,"' giving a lower limit of normal for the right ventricular ejection fraction at rest of 0 40 (2 SD below the mean).
None of the patients studied had clinical or electrocardiographic evidence of systemic hypertension, ischaemia, or valvular heart disease. Cor pulmonale was defined in clinical terms as the presence of peripheral oedema in association with chronic obstructive lung disease for which no other cause could be found. Although none of the patients was studied during an exacerbation of their chronic obstructive lung disease some patients had oedema when studied. The patients were therefore classified into three France, Prescott, Biernacki, Muir, MacNee groups: (a) no previous clinical evidence of cor pulmonale; (b) past history of cor pumonale, but no oedema at the time of study; (c) oedema present at the time of study. Informed consent was obtained before the measurement of right ventricular ejection fraction and the study had the approval of our local ethical committee.
After the initial assessment patients were reviewed regularly in the outpatient clinic, and the outcome in relation to variables ofpossible prognostic importance was assessed by means of Cox's survival model. '5 Comparisons of mean levels between pairs from the three groups of patients were made by Welch's test after overall differences had been established.
Results
The 115 patients (75 male, 40 female) who were studied had a mean age of 61 (range 39-81) years. All patients were followed until death or until I January 1987, whichever was the earlier. No 
Discussion
This study has shown that radionuclide measurements of the right ventricular ejection fraction are related to survival in patients with chronic obstructive lung disease. The relationship is relatively weak, however, by comparison with the prognostic significance of the level of arterial oxygen and carbon dioxide tensions in such patients.
These data (table 2) support our findings in a smaller group of patients,8 where the right ventricular ejection fraction remained relatively normal in patients with chronic obstructive lung disease in the presence of hypoxaemia and pulmonary hypertension, except when oedema, indicating decompensated cor pulmonale, was present. As in previous studies,7 prognosis is worse in the presence ot oedema due to cor pulmonale in patients with chronic obstructive lung disease. The prognostic significance of both cor pulmonale and right ventricular ejection fraction in this study was, however, outweighed by the influence of hypoxaemia and hypercapnia. These Thus, although right ventricular ejection fraction is related to survival in patients with chronic obstructive lung disease, its level may simply reflect the severity of hypoxaemia in such patients and ultimately the degree of airflow limitation. A low right ventricular ejection fraction in a patient with chronic obstructive lung disease presenting with oedema indicates that the oedema is due to cor pulmonale. Whether the presence of a low right ventricular ejection fraction in a patient with chronic obstructive lung disease who has never presented with oedema precedes the development of cor pulmonale is as yet unknown. Isolated measurements of Pao2 or Paco2 in such patients are more likely to reflect prognosis than isolated measurements of the right ventricular ejection fraction.
